Background: Hypertension is highly prevalent among patients who visit primary care clinics. Various factors and lifestyle behaviors are associated with effective blood pressure control. We aimed to identify factors and lifestyle modifications associated with blood pressure control among patients prescribed antihypertensive agents. Methods: This survey was conducted at 15 hospital-based family practices in Korea from July 2008 to June 2010. We prospectively recruited and retrospectively assessed 1,453 patients prescribed candesartan. An initial evaluation of patients' lifestyles was performed using individual questions. Follow-up questionnaires were administered at 4, 8, and 12 weeks. We defined successful blood pressure control as blood pressure <140 mm Hg systolic and <90 mm Hg diastolic. Results: Of the 1,453 patients, 1,139 patients with available data for initial and final blood pressures were included. In the univariate analysis of the change in performance index, weight gain (odds ratio [OR], 2.18; 95% confidence interval [CI], 1.52 to 3.11; P<0.001), physical inactivity (OR, 1.195; 95% CI, 1.175 to 3.387; P=0.011), and increased salt intake (OR, 1.461; 95% CI, 1.029 to 2.075; P=0.034) were related to inadequate blood pressure control. Salt intake also showed a significant association. Multivariate ORs were calculated for age, sex, body mass index, education, income, alcohol consumption, smoking status, salt intake, comorbidity, and family history of hypertension. In the multivariate analysis, sex (OR, 3.55; 95% CI, 2.02 to 6.26; P<0.001), salt intake (OR, 0.64; 95% CI 0.43 to 0.97; P=0.034), and comorbidity (OR, 1.82; 95% CI, 1.23 to 2.69; P=0.003) were associated with successful blood pressure control. Conclusion: Weight gain, physical inactivity, and high salt intake were associated with inadequate blood pressure control.
introduCtion
Globally, hypertension is one of the leading causes of mortality, one of the principle risk factors for cardiovascular disease, and a major cause of premature death. 1) Hypertension is difficult to diagnose until medical complications occur, since patients rarely present with specific symptoms in the early stages of the disease. Hypertension is also difficult to manage effectively, as is consistent treatment after it is diagnosed, due to lack of awareness and patient compliance. 2) Hypertension is a major modifiable risk factor for cardiovascular diseases and stroke. Proper treatment of hypertension can reduce the risk of stroke up to 42% and the risk of coronary heart disease by about 14%. families, healthcare providers, and communities. 6) It is important for physicians to recognize patients' health behaviors in order to provide proper advice and consistent follow-up.
There are many studies on factors associated with hypertension. However, prospective studies on the effect of lifestyle modification on blood pressure control are rare, especially in East Asia. One research study investigated the effect of an access-enhanced intervention on hypertension screening and management, as well as on health behaviors among newly diagnosed hypertensives, in a multi-ethnic low socioeconomic status community in Singapore. The results show some positive effects of intervention on the management of hypertension, but lifestyle changes showed a less significant effect.
7)
The purpose of this study was to identify factors and to evaluate lifestyle modifications associated with blood pressure control among patients who were prescribed hypertension medication at a primary care
clinic.
Methods

study design and subjects
This study was a multi-center, observational study conducted at 15
hospital-based family practices in Korea from July 2008 to June 2010.
We prospectively recruited and retrospectively assessed 1,453 patients with hypertension who were prescribed candesartan. An inclusion criterion was available blood pressure data of patients for each clinic visit to assess hypertension control. Participants with missing age or sex were excluded. Also participants who did not measure blood pressure were excluded. A total of 1,139 patients were included in the study. The study was reviewed and approved by the institutional review board of Asan Medical Center (2008-0290).
We prospectively recruited and retrospectively assessed patients with hypertension who were newly prescribed candesartan. Preliminary assessments on patients' lifestyle including smoking, alcohol consumption, salt intake, and physical activity were conducted using individual survey questions. Basic information including income, education, and marital status were also collected.
This study is an additional analysis of a randomized controlled trial of the effect of mobile phone text message reminders on compliance and lifestyle modification in patients with hypertension.
8)
follow-up and survey Questions
Patients who agreed to participate in the study were given survey questions for initial inquiry and follow-up inquiries were made at week 4, 8, and 12 in the outpatient clinic. Attending physicians recorded the data from each appointment. This included the date, antihypertensive drug usage, drug adherence rate, two blood pressure measurements with the mean value, weight, change in alcohol consumption, change in physical activity, and change in salt intake.
Participants filled out initial hypertension survey questionnaires at the first medical appointment, and follow-up survey questionnaires at each follow-up visit to the clinic. In the initial survey, basic characteris- Evaluated using a questionnaire and converted into a metabolic equivalent task score. § High salt intake was defined as total score >18 in males and 16 in females based on the questionnaires.
ΙΙ Includes diabetes, hypercholesterolemia, coronary artery disease, and cerebral vascular disease. Habit of salt intake was evaluated by using three questions from the salt usage questionnaire found in the study by Kim et al. 10) : "I usually eat salty food, " "I add salt or soy sauce on cooked dishes, " and "I eat pan-fried or deep-fried food with soy sauce, " For all 3 questions, the answers "very salty" or "always" were given a score of 12 and "not salty" and "never" was given a score of 0. Summation of scores for each question were calculated and 'high salt intake' was defined as a score >18 in males and >16 in females.
For follow-up clinic visits at week 4, 8, and 12, participants answered questions regarding weight, smoking, alcohol consumption, physical activity, and salt intake.
Measurements
We defined successful blood pressure control as both less than 140 mm Hg systolic and 90 mm Hg diastolic at 12 weeks from the initial survey.
For change in performance index, we compared answers from the initial survey questions to the final survey data at 12 weeks. Reduced alcohol use refers to the absolute reduction in the number of drinking episodes and was divided into 4 categories: (1) no change, (2) reduction by <1 time per week, (3) reduction by 1-2 times per week, an (4) reduction by ≥3 times per week. Change in BMI was calculated by comparing measurement data at the initial survey and the final survey.
An increase in BMI by >0.5 kg/m 2 or ≤0.5 kg/m 2 was also evaluated.
For physical activity, changes in MET scores were observed. The salt intake index was calculated from the change in the absolute value of the score based on the questions. We also analyzed salt intake by the change in answers from individual questionnaires and the significance.
statistical Analysis
Baseline characteristics of participants and change in performance index, including alcohol use, BMI, physical activity, and salt intake from the initial survey to the final survey at 12 weeks was analyzed using chi-square and independent samples t-test. Multiple logistic regression analysis was done for multivariate analysis. Both univariate and multivariate analysis was done by adjusting the factors that were statistically significant in the demographic characteristics (Table 1) . This included age, sex, BMI, education, income, alcohol, smoking, habit of salt intake, comorbidity, and family history of hypertension with a 95%
confidence interval (CI) for the odds ratio (OR).
Statistical analysis was performed using IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA) with significance at the P-value of 0.05. were associated with successful blood pressure control (Table 2 ).
In the univariate analysis of the performance index, increased BMI P=0.003) were statistically significant factors (Table 3 ).
In addition, responses to three questions regarding salt usage behaviors showed a significant association. For question 1, "I usually eat salty food" (self-reported level of salt intake), the OR for a response of "moderate" was significantly increased (OR, 1.83; 95% CI, 1.25 to 2.67; P=0.002). In question 2, "I add salt or soy sauce on cooked dishes" (usage of salt/soy sauce), the answer "never" showed a strong correlation with successful blood pressure control (OR, 3.15; 95% CI, 1.69 to 5.87; P<0.001). For question 3, "I eat pan-fried or deep-fried food with soy sauce" (use of soy sauce when eating fried food), the OR for both answers "sometimes" (OR, 1.70; 95% CI, 1.02 to 2.82; P=0.041) and "never" (OR, 2.60; 95% CI, 1.52 to 4.44; P<0.001) were significantly increased (Table 4) .
disCussion
In this observational study, we found that increased physical activity and reduced salt intake were associated with successful blood pressure control. In addition, increased BMI was negatively associated with adequate blood pressure control. The total rate of successful blood pressure control was 84.4% (64.6% female and 35.4% male).
Among the baseline characteristics, age, sex, salt intake, and family history of hypertension showed statistically significant differences between the success group and failure group.
In our study, 75.7% of males and 90.0% of females attained their target blood pressure; this is a relatively high achievement rate, compared with that observed in previous studies. This may be due to better compliance and adherence among the women in the survey. This is consistent with the results of another study in Korea that reported higher rates of controlled diabetes and hypertension in women. 11) However, in another research study performed in the USA, women, MexicanAmericans, and those aged ≥60 years had significantly lower rates of blood pressure control than men, younger individuals, and non-Hispanic whites. 12) In addition, patients with comorbidities showed better blood pressure control achievement rates in our study. The higher achievement rate and better adherence compared with patients without comorbidities is similar to the higher adherence trend observed among the women in this study. In a study by Turner et al., 13) patients with more unrelated comorbid conditions were less likely to have uncontrolled hypertension at the primary care visit. Also, in another study on hypertension control in relation to concomitant risk factors and comorbidity, the overall degree of control increased with increasing numbers of comorbid diseases.
14)
The factors associated with the potential antihypertensive effects of long-term aerobic exercise are not completely understood, while a reduction in sympathetic activity and an improvement in endothelial function have been proposed as mechanisms affecting blood pressure. 15) In one randomized trial, patients with a recent myocardial infarction showed improved baroreceptor sensitivity and reduced muscle sympathetic nerve activity with exercise training. 16) Another study that compared muscle biopsies in patients with hypertension before and after an exercise program documented decreased levels of the vasoconstrictor thromboxane and increased levels of the vasodilator prostacyclin. 17) In our study, we used MET scores to assess physical activity and observed changes within 12 weeks of treatment. The adjusted OR for the answer "no" for increased physical activity (which included no change or a decreased MET score after 12 weeks) was 0.43
for successful blood pressure control (Table 3) .
A variety of dietary modifications are known to be beneficial in the treatment of hypertension, including reduction of sodium intake; moderation of alcohol intake; weight loss in overweight or obese individuals; and a diet rich in fruits, vegetables, legumes, and low-fat dairy products, and also low in snacks, sweets, meat, and saturated fat. Individual dietary factors may also be helpful in lowering blood pressure. Values are presented as number or number (%).
In our study, we focused on the association between reduction in salt intake and blood pressure control by using self-reported survey questions. Aburto et al. 19) found that in non-acutely ill adults, reduced sodium intake reduced blood pressure and had no adverse effect on blood lipids, catecholamine levels, or renal function. Moderate quality evidence in children showed that a reduction in sodium intake reduced blood pressure. Lower sodium intake was also associated with a reduced risk of stroke and fatal coronary heart disease in adults. 19) One study estimated the daily salt intake among the US population to be 10.0 to 14.5 g, with about one-third occurring naturally in food, one-third added during food processing, and one-third added by the consumer. Males consume more sodium than females and the intake of both sexes decline with age. 20) Discretionary sodium intake among
Koreans was estimated to be 45% to 85%, which tends to be higher than in Western countries. A study by Kim et al. 10) studied the relationship between 24-hour urinary sodium excretion and salt usage in order to develop valid questionnaires to estimate dietary salt intake. The study showed the median 24-hour urinary sodium excretion among the study subjects ranged from 129 to 216 mmol, depending on the age and sex, 10) while approximately 90% of the world's population has a mean usual sodium intake within a range of approximately 115 to 215 mmol (±2 standard deviation). 21) By evaluating the correlation coefficient, Kim et al. 10 ) derived 3 questions that may be useful in estimating the sodium intake of the Korean adult population. We used those 3 questions in our study to assess the habit of salt intake and to observe changes in salt intake 12 weeks after initiating treatment for hypertension (Table 4) . For each question, participants with less salt intake tended to be more successful in blood pressure control. The correlation between less salt intake and blood pressure control was statistically significant especially for question 3, "Usage of soy sauce when eating fried food. " In Table 4 , we used a 12-point scale (example, 12, 8, 4, and 0) for each question. In order to maintain continuity, in Table 5, we converted the answers into 3 categories (increased, same, and decreased) and evaluated the association with blood pressure control. As a result, for all 3 questions, decreased salt intake was positively associated with successful blood pressure control; however, statistical significance was only maintained in question 3.
In phase 1 of the Trials of Hypertension Prevention, during an 18-month follow-up period, the weight reduction program was shown to be an effective non-pharmacologic intervention for reducing blood pressure in overweight adults with high to normal blood pressure. 22) In our study, participants with the same or decreased BMI in the 12-week period showed better blood pressure control. We analyzed for both changes in the absolute BMI and set a standard of >0.5 kg/m 2 as a significant increase in BMI. The result from both analyses showed statistical significance in which increased BMI was inversely related to successful blood pressure control.
As the locations of clinics which our data were collected are large metropolitan area, there for there can be geographical bias. In addition, the follow-up survey period was 12 weeks, and only blood pressure control and other lifestyle changes were observed in this short period of time. Therefore, the associations cannot be established with certainty about long-term effects. Since the survey asked the patients to answer questions about their behaviors during the past several weeks at each clinic visit, there is also a possibility of recall bias. Other limitations include the relative lack of quantitative analysis on lifestyle changes, such as habit of salt intake, smoking status, and alcohol consumption. Important strengths include the large number of participants that were included in the study. The blood pressure measurements were conducted at clinics that provided reliable data, and survey questions were filled out at each clinic visit, for convenience of the patients, and for follow-up study.
Conclusions from the eighth Joint National Committee guidelines, which is based on evidence from randomized controlled trials, suggest that a health eating, weight management, and appropriate physical activity are essential for the management of high blood pressure in adults, since these lifestyle managements have the potential to improve blood pressure control and even reduce the need for medication. 23) Our findings indicate that to achieve better rates of blood pressure control, the clinician should advise lifestyle modifications such as adequate physical activity and low salt intake, in addition to prescribing medication and monitoring the patient for hypertension control. Values are presented as number of number (%).
